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Back ground of the 

1. Field of the Invention 
[0001] 

This inventiorh 
secondary battery, in 
Li on a current collector, 
said electrode for the 

2. Description of the 
[0002] 

Negative 
described in JP 
metallic materials alloyed 
not alloyed with Li. 

According to 
by an electric plating 

According to 
Sn, Zn, Sb or the a! 
plating method. 
[0003] 

Moreover, 



USED FOR A NON-AQUEOUS ELECTROLYTE 
AND A NON-AQUEOUS ELECTROLYTE SECONDARY 
SAME FOR A NEGATIVE ELECTRODE 



relates to an electrode used for a non-aqueous electrode 
which the dot pattern of metallic material able to be alloyed with 
\ and the non-aqueous electrolyte secondary battery using 
negative electrode. 
Related Art 

electrodes for a non-aqueous electrolyte secondary battery 
2001 -68094-A and JP 2001-256968-A have a thin film comprising 
with Li formed on a current collector of a material which is 

JlP 2001 -68094-A, a Sn thin film is formed on a current collector 
method. 

JP 2001-256968-A, a thin film comprising a material containing 
llpy as major components is formed on copper foil by an electric 



attending to JP 2002-83594-A, it is described that an electrode 
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having an active material thin film which is formed in a pattern of separated pillars 
made by breaks formed in the direction of thickness on a current collector and volume 
expansion of the active film is reduced around the breaks when the active material is 
intercalated by Li ion s. 
[0004] 

When the eledrodes are prepared by the electric plating method. Jhe resulting 
thin film can be fomred by direct electrodeposition of objective metal or alloy on the 
current collector. Consequently, the electrodes which are excellent in the adhesion of 
an active material and a current collector can be obtained, compared with electrodes 
made by the coating method. 
[0005] 

Also, it is more advantageous to get a cheaper manufacture cost, compared 
with the coating met nod. However, since the obtained metal-plating layer becomes 
very precise, an electrode tends to be influenced by volume expansion of the active 
material due to inter salation of Li ions, and consequently there is a fault such as a 
notable generation o expansion and crack in the electrode. 
[0006] 

In the latter ca se, there are the following problems. 

At the currert collector side of the active material thin film, pillar-shaped 
objects are close to each other and there are not any crevices which serve as a 
stress relaxation place at the time of expansion of an active material. 

In addition, since the diameter of each pillar-shaped object and width of the 
gap cannot necessarily be controlled freely, at an time of electrical charge and 
discharge and a eye e time, it is difficult to make the volume expansion in the active 
layer reduced, result ng in no sufficient utilization of the active material and no good 
maintenance of the active material characteristics. Therefore, it is difficult to provide 
an electrode which fully satisfies a load characteristic and a cycle characteristic even 
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in the electric 
establishment for 
regularly and preci: 
[0007] 

Accordingly, i 
ability to reduce a 
and the cycle, and 
collector due to the 

Further, it is 
contribute to the i 
efficiency of a batter^ 

Also it is a 
discharged with a 
secondary battery 



discharge with large electric current. Therefore, the technical 
controlling volume change of the active material is desired more 
isejly. 

is a first object of this invention to provide an electrode with an 
volume expansion at the time of the electric charge and discharge 
also to avoid the active material separation from the current 
^lectric charge and discharge. 

c mother object of this invention to provide an electrode which can 
mprovement in characteristics of the electric charge and discharge 

and the rate of cycle capacity maintenance, 
farther object to provide an electrode which can be charged and 
l^rge electric current and to provide a non-aqueous electrolyte 
using said electrode for a negative electrode. 



SUMMARY OF TH^ INVENTION 
[0008] 

After a result of repeated examinations for solving the above-mentioned 
problems, this invention is based on and completed by the finding that the adhesion 

and an active material can be raised by forming a refined pattern 
of a metallic material alloyed with Li and also thereby crevices are formed in the 
active material to corjnmit as a stress relaxation place at the time of particle expansion 
and contraction due to the electric charge and discharge. 
[0009] 

According to a first aspect of the invention, there is provided an electrode 
which comprises a clot pattern 2 of metallic materials containing a metal or its alloy 
able to be alloyed wi h Li or its alloy, which dot pattern is formed on a current collector 
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1 which consists of material which is not alloyed with Li, as shown in Figs. 1 and 2. 

Moreover, tho electrode is characterized in that each dot 3 of the metallic 
material on the electrode has a diameter of 1-500 micrometers, and the pattern is 
formed so as to havo a coverage rate of dots on the current collector maintained 50 - 



90%. 
[0010] 



A current collector 1 is not limited especially if it consists of metals which are 



not alloyed with Li 
embossing article, a 
stainless steel, etc 
preferable from a v 



of additional metals 
elements other than 



For example, a metallic foil, an electrolysis foil, a rolling foil, an 
foaming current collector, etc. can be used. Here, Cu, Ni and 
can be used as "a material which is not alloyed with Li 11 . It is 
ewpoint of increasing adhesion with a thin film of the current 
collector to use a nhetallic foil containing an element which can be alloyed with a 
metal constituting sa id dot pattern, for example copper etc. 



[0011] 

"The metal atile to be alloyed with Li" includes either one element(s) of the IVb 
group (elements) of group 14). When forming a dot pattern especially by the electric 
plating, Sn can be preferably used. Furthermore, the metallic material may be an 
alloy of said IVb groijjp element (element of group 14) and other elements, which can 

group consisting of Bi, Cu, Fe, Ni, Zn, and Ag besides IVb group 
element (element ot group 14). As for composition of the alloy, it is preferable to 
contain 10% or moro of IVb group element (element of group 14) and the remainder 

, such as said Bi etc. In addition, the alloy may contain the 
the above-mentioned additional metal. 



[0012] 

As a structur^ of the dot pattern 2 in this invention, as shown in Figs. 1 and 2, 
dots 3 can be arranged like a staggered arrangement on a current collector 1. Grid 
arrangement may be also used for the dot pattern. Then when Li ion is intercalated to 
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come 



the metallic material 
the dots 3 can 
Therefore, stress by 
of an electrode can b 

Furthermore, 
coefficient in the 
electrodes and cells 
electric discharge 
relaxation place in 

As described 
effectively crack 
active material by 
discharge, while fully 
the electrode 
discharge as well as 
a non-aqueous 
even at the time of 

In this 
However, in order t<j> 
volume change as 
having a round 
multiple cone. 
Although the height 
in the range of abot|t 
preferable to be 2 
micrometers can 
[0013] 



heij ht 



an i 

ith* 



generatii 



sti esses 



accord ng 



electrolyte 



large < 



invention 



comer 



Amcng 



of i 



alloyed with Li at the time of charge, each volume expansion of 
out so as to fill the adjoining crevices 4 between the dots. 
>aid intercalation is released and cracks generated in the surface 
e prevented effectively. 

a lateral expansion of the dots can make an expansion 
direction of the dote greatly reduced, so that the expansion of 
can be prevented. Those crevices 4 are again formed by the 
at the time of the followed charge, they can function as a stress 
same way as the first time charge. 

above, the electrode according to this invention can control 
ing and separation between the current collector and the 
due to volume change at the time of electric charge and 
securing a sufficient reaction area of the electrode. Therefore, 
to the invention having an excellent efficiency of charge and 
an excellent rate of capacity maintenance in a cycle, can provide 
secondary battery with an ability of charge and discharge 
electric current as well as a high capacity. 
, the form relating to the dots 3 is not limited to a special type, 
diffuse a stress concentration generated inside at the time of 
rr|uch as possible, it is preferable to use a column or circular cone 
at a side or upper surface thereof, and a multiple pillar or a 
them a cylindrical or cone-shaped one is more preferable, 
dots does not have especially restriction, it is preferable to be 
1-500 micrometers, and in order to have a high capacity, it is 
rrjicrometers or more. Further, the height of dots of less than 1 5 
improve a rate of capacity maintenance in a cycle. 
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Moreover a diameter and a suitable range of the occupancy rate of the dots 
on the current colled or are evaluated as follow. 

as for Sn particle, when Li ion is intercalated at the time of 
<= 4.4 in the composition LixSn, it is theoretically figured out that 
a coefficient of volijme expansion of particles becomes 260% from the following 
formula 1 . 



For example, 
charge, if it is set to 



Coefficient of h/olume expansion = (Vi - V 0 ) / V 0 x 100(%) 
V 0 =volume before charge, Vi= volume after charge 



rctte 



[0014] 

Then, calculation 
change can be mad£ 
result of the calculation 
crevices 4 in the dot 
rate of crevice of 0 °, 
ability to make the 
a state where all the 
the time of discharge 
collection can be ta 
stage of electric discharge 
the side of dots 3 
progresses and the 
easy to be detached 
[0015] 

When calculating 
expansion inside dpts, 



(Formula 1) 



of an expansion coefficient of dots for evaluating volume 
from the above coefficient of volume expansion. According to a 
, it is possible to calculate intervals of dots such that all the 
pattern 2 function as a stress relaxation place so as to have the 
f o at the time of full charge. That means the electrode having an 
of crevice up to 0% when charge is completed, will become in 
crevices 4 in the electrode will be filled up with active material at 
starting. Therefore, according to the invention, the current 
cen among all active materials inside the electrode at the early 
and the capacity can be stably kept. On the other hand, 
also comes to contact an electrolyte as the electric discharge 
crevices 4 are re-formed. Therefore, intercalated Lf ions become 
and the active material capacity can be taken out efficiently. 

a suitable size of dots that can not get any cracks due to 
, it is figured out that a diameter of the dot should be 500 
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micrometers or lessl more preferably 200 micrometers or less. When setting the 
height of dots to 10 micrometers or less, a diameter of a dot is preferably set to 40 
micrometers or less. 
[0016] 

In the abovei-mentioned dot pattern, an interval between adjoining dots is 
defined by active material occupancy area in an electrode. If the occupancy area of 
an active material be comes small, an interval of each dot will become large relatively. 

crevices for releasing a stress by volume change due to 
intercalation/detachment of Li can be obtained. Although such an electrode can 
make it possible to oantrol the volume change in the height direction, if the occupancy 
area becomes too small, the amount of active materials per unit area of the electrode 
will decrease, resulting in loss of merit due to the increasing capacity. From this 
aspect, it is preferable to make the occupancy rate of dots, i.e., the rate of dot area 
with respect to the area of the electrode to 50 % or more, and more preferably the dot 
pattern may be designed to have said rate of 70 % or more. On the other hand, if the 
occupancy area is enlarged too much, the interval of each dot will become too narrow, 
and thereby crevices for releasing a stress will be inadequate. Therefore, it is 
preferable to make the occupancy rate to 90% or less. 



apps rent 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

The above a 
become more 
thereof with referenc|e 
designated by like 



nd other objectives and features of the present invention will 
from the following description of preferred embodiments 
to the accompanying drawings, throughout which like parts are 
reference numerals, wherein: 



[0018] 

Fig.1 is a plan view of the plan of the electrode according to the invention; 
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[0019] 
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Fig .2 is a perspective view of the electrode of this invention; 

[0020] 

Figs. 3A to 3b are sectional views showing the steps of a first manufacture 
method of the electrode according to this invention; 
[0021] 

Figs. 4A to 4E: are sectional views showing the steps of a second manufacture 
method of the electrode according to this invention; 
[0022] 

Figs. 5A to 5 E are sectional views showing the steps of a third manufacture 
method of the electrode according to this invention; 
[0023] 

Figs. 6A to 6IE are sectional views showing the steps of a fourth manufacture 
method of the electrode according to this invention; 
15 [0024] 

Figs. 7A to 7fe are sectional views showing the steps of a fourth manufacture 
method of the electr<j>de according to this invention; 
[0025] 

Figs. 8A an<ji 8B are longitudinal sectional views showing an electrode 
2D provided with dot p4tterns on the both sides of a current collector according to the 
invention; and 
[0026] 

Fig. 9 is a plah view of a mask pattern for a patterning processing. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0027] 

An example <^f a manufacture method of an electrode according this invention 
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will be explained 
explained below by 
made from Sn alloy 
First, as shown in 
5 the current collector 
thereon. Then, a 
processing. Then, 
crevice 4 of dots 3 
That is, the portion 

10 is corresponding to 
Then, as 
covered by resist 
the limit of the 
cylindrical dot 3 is 

15 The resist 

and 2, to get a large 
the current collector 
[0028] 

Moreover, as 
2D 1 0 may be preformed 
is easily controllable 
preferably formed 
concave-convex 
of preparing an 
25 convex pattern, Figs 
[0029J 

In case of 



referring to Figs. 3A to 3D. In addition, the manufacture method is 
rfnaking into an example an electrode with which the dot pattern 2 
was formed on a foil of copper, which is a current collector 1 . 
|. 3A, after applying a photo-resist 7 on the foil of copper used as 
1, a masking and an exposure processing etc. are performed 
non-exposed portion is dissolved and removed by etching 
the pattern resist 8 which has a pattern corresponding to the 
shown in Fig. 2 is formed on the current collector 1 in Fig.3B. 
v^hich is not covered by resist parts 8a is a circle opening 8b which 
cylindrical dot 3. 

shdwn in Fig. 3C, a surface of the current collector 1 which is not 
8a is subjected to electrodeposition of a Sn alloy etc. within 
heibht of resist parts 8a, by the electroplating method and the 
formed thereon. 

8a is removed after an electrodeposition, as shown in Fig. 3D 
number of the dots 3 like a refined pattern on the foil of copper, 
It. 



pats 



shown in Figs. 4A and 5A, the refined convex-concave pattern 
on a current collector 1. Thereby, formation of the dot pattern 2 
In such a current collector 1, the concave-convex pattern 10 is 
the same material as the current collector 1 . For example, the 
10 may be made by an electroplating method. As a method 
by using the current collector 1 having such a concave- 
4 and 5 can show typical methods. 



with 
pat em 



electrode 



this method in Fig. 4, a foil 1 of copper having many independent 
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concave patterns 1 



the concave-convex 
concavity portion 1 1 



0 was formed in the surface thereof by electrodeposition 



processing or YAG ijaser etching processing, as a current collector (Fig. 4A). Here, 

pattern 10 was formed by electrodeposition processing. Each 
which constitutes the concave-convex pattern 10 forms a circle 
form in a plane viewpoint, and is formed in the shape of a cave-in with a depth size of 
several micrometers. 

Next, as shown in Fig. 4B, after applying a photo-resist 7 on the current 
collector 1, a masking and an exposure processing etc. are applied thereto. 
Furthermore, the non-exposed portion is dissolved and removed out by etching 

pattern resist 8 provided with resist parts 8a as shown in Fig. 4C 
is formed on the current collector 1. Here, the resist parts 8a are formed on the 
current collector 1 except concavity portion 11. The resist parts 8a, form a pattern 
with the crevice 4 (refer to Fig. 1) corresponding to the dots 3 and the non-resist parts 
which are not coverjed by resist parte 8a are used as crevices or openings 8b of 
15 circle corresponding to the cylindrical dot 3, which is connecting to concavity portions 
11. 

[0030] 

Hereafter, lik^ the above-mentioned, as shown in Fig. 4D, dots 3 are formed, 
and resist parts 8a ape removed after the electrodeposition process. Then, as shown 
2D in Fig. 4E, a refine<fl dot pattern 2 is formed on the current collector 1 to get an 
electrode 
[0031] 

In case of th& electrode shown in Fig. 4E, since base parts of the dot 3 are 
entering into concavfty portions of a current collector 1, compared with the electrode 
25 shown in Fig. 2. Thereby, an active material and the current collector 1 cannot be 
separated easily. Therefore, an electrode excellent in cycle characteristics can be 
obtained. However, if the amount of filling of an active material tends to be increased 
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capacity 
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2D 



for increasing the 
concavity portion 1 1 
pillar-shaped dots 3 
coefficient of the dot£ 
of separation or exfo 
[0032] 

As a solution 
in the surface of a 
independent convex 
section 12, as shovfyn 
concave-convex p 



to 



electrodeposition 
convexity portion 12 
form of circle form 
height of several 
i.e., in the upper 
on the current collector 
thereon. Furthermoj-e 
etching processing 
[0033] 

Then, as shoWn 
collector 1 is 
coating method, anp 
removed after the 
dot pattern 2 formed 
[0034] 

According to 



subjected 



, there happens antagonism between a stress by which the 
of the current collector 1 holds down a part for the base of the 
and an expansion coefficient of the dots when an expansion 
3 are beyond a threshold. Consequently, there is a possibility 
iation between the dots and the current collector 1 . 



means of this problem, as shown in Fig. 5A, it is possible to form 
Current collector 1 the concave-convex pattern 10 consisting of 
sections 12, and to form dots 3 on the upper part of this convex 
in Fig. 5E. In detail, firstly a current collector with many 
tterns 10 comprising independent convex is formed by 
processing or YAG laser etching processing (Fig. 5A). Each 
which constitutes the concave-convex pattern 10 here is in a 
vj/ith a plane viewpoint, and is formed so that it may project in a 
micfrometers toward a direction in which the dot pattern 2 is forming, 
direction. Next, as shown in Fig. 5B, after applying a photo-resist 7 
1 , a masking and an exposing processes etc. iare carried out 
, the non-exposed portion is dissolved and removed out by an 
form resist parts 8a as shown in Fig. 5C. 



in Fig. 5D, the surface of the convex section 12 of a current 
to an electrodeposition of Sn alloy etc. by the electrolysis 
the cylindrical dots 3 are formed. If the resist parts 8a are 
ecjtrocrystallization, as shown in Fig. 5E, an electrode with a refined 
on the current collector 1 can be obtained. 



the electrode as shown in Fig. 5E, since the dots 3 were formed 
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on the convex section 12 of the current collector 1, a stress relaxation place at the 
time of expansion can also be given to a downward part from the skirt of the dot as 
well as horizontal di ection and upper direction of the dot It can contribute to an 
improvement in characteristics of the electric charge and discharge efficiency and the 
rate of cycle capacity maintenance in the resulting battery. Moreover, exfoliation or 
separation of the actiye material from the current collector can be avoided further. 
[0035] 

Fig. 6 shows an electrode with a current collector having a concave-convex 
pattern made by a rrechanical processing, on which a dot pattern may be formed as 
mentioned above. That is, after applying a photo-resist 7 to the surface of a current 
collector (Fig. 6A) in which the concave-convex pattern 10 was formed (Fig. 6B), a 
masking and an exposure processing etc. are carried out thereon. Furthermore, the 



non-exposed portion 
parts 8a as shown in 
Fig. 6D f the surface 
an electrodeposition 
form cylindrical dots 
as shown in Fig. 6E, 



1 1 of the current collector 1 can be obtained. 
[0036] 



Fig. 7 shows 



is dissolved and removed out by etching processing, and resist 
Fig. 6C is formed on a current collector 1. Then, as shown in 
of concavity portion 11 of the current collector 1 is subjected to 
process of the Sn alloy etc. by the electroplating method, and to 
3. If resist parts 8a are removed after the electrodeposition step, 
an electrode with the dot pattern 2 formed on concavity portions 



an electrode with the dot pattern 2 formed on the convex 



sections 12 of a cu rent collector, and other points are substantially the same as 
those of Figs. 6 and 5. Therefore, the same number indicates the same parts as Figs. 
6 and 5 and the explanation is omitted 
[0037] 

In case of a hnanufacture method shown in Figs. 6 and 7, according to the 
characteristics of th0 resulting electrode, a refined pattern can be selectively formed 
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cycle characteristics 
the current collector 



in the same way as Fig. 3. it is advantageous that the same processing given to a 
surface side as well as to a back side, as especially shown in Figs. 8A and 8B makes 
it easy to form both sides of an electrode which has the same dot pattern or a 
respectively different dot pattern. 
5 [0038] 

Each dot may also be formed as porosity. In case of dots having pores, it is 
preferable that a stre ss produced by volume change at the time of electric charge and 
discharge can be rc leased by not only crevices around dots but also pores inside 
dots. 

10 Moreover, since change of a diameter of dots at the time of the electric charge 

and discharge becomes small, an interval of dots can also be narrowed and also 

can be raised by a decreased distortion at contact parts between 
and the dots. Furthermore, porous dots have a large specific 
surface area as compared with precise dots, so that a reaction area of an active 
15 material becomes large, thereby making it possible a higher rate of the electric charge 
and discharge. 
[0039] 

As a production method of the above-mentioned porous dots, for example 
there is proposed a method of adding cellular agents, such as a surface active agent, 
20 to a plating bath. In this case, firstly electrodeposition of precise Sn or precise Sn 
alloy which serves a s a buffer layer is carried out on a foil of copper in a plating bath 
which does not contain a surface active agent and then the resulting foil is subjected 
to an electroplating process while a surface active agent is added by a small quantity 
and a plating bath \ > agitated. And after fully rinsing dots of the resulting foil, it is 
25 subjected to a drying process at a temperature of 60 to 150 *C preferably 80 to 100 

reducing atmosphere, thereby getting a porous dot in which a 



C in a vacuum or 



surface active agent was eluted. 
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type, a cation type, 
which critical micelle 



In order to fu 
dot, it is desirable to 
the capacity will falls 
limit the hole rate to 



In case of forming the above precise buffer layer, the adhesion of porous dots 
of Sn or Sn alloy and copper foil can be increased. 

Since it is necessary to suppress influence on volume change of Sn or Sn 
alloy dots due to tlie electric charge and discharge as much as possible, it is 
desirable to adjust tlie buffer layer up to 5 % or less, preferably 1 % or less of the dot 
height. 
[0040] 

As the abov^-mentioned surface active agent, there can be used an anion 
and a non-ion type. However, a hole rate of porous dots from 
concentration is obtained less than 0.01wt%, and cannot form 
sufficient stress relaxation place. For this reason, a desirable critical micelle 
concentration is preferably beyond 0.01 wt% 

As such an a nion type material, there are listed for example sodium laurate, 
sodium lauryl sulfate, and sodium. As such a cation type, there are listed for example 
15 lauryl amine hydrochloride, a hexadecyl amine hydrochloride, and octadecyl trimethyl 
ammonium chloride. As such a non-ion type, there are listed for example 
polyoxyethylene dec|yl ether, polyoxyethylene nonyl-phenol ether. 
[0041] 

ly release an expansion stress of the above-mentioned porous 
make the hole rate into 30% or more. On the other hand, since 
down if the hole rate becomes large too much, it is preferable to 
30% or less, preferably 45% to 60%. 



25 pattern represented 



[0042] 

As a formation method of various metallic materials which constitute a dot 
by Sn or Sn alloy, a physical vapor growth (PVD), a chemical 
vapor deposition (C VD), a liquid-phase-epitaxy method and so on are listed. A 
plating method (met al electroplating, electroless plating), an anode oxidation method, 
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a coating method, a sol gel process, etc. are listed as the examples of the liquid- 
phase-epitaxy methods, CVD, MOCVD, RF plasma CVD, ECR plasma CVD, Light 
CVD, and Lasers CVD and ALE are listed as the examples of the chemical vapor 
deposition, a vacuum deposition method, a sputtering method, an ion plating method, 
5 a MBE method, and a laser ablation method are listed as the examples of the 
physical vaper grow h. If the electroplating method is used especially, dots of Sn or 
Sn alloy with very hie h adhesion with a current collector can be obtained. 

When a copper foil is used for the current collector, a Cu-Sn alloy is formed 
between layers by an after treatment of heating, thereby avoiding exfoliation between 
10 the current collector and the active material due to the electric charge and discharge. 
[0043J 

As an active material of the positive electrode used for this invention, for 
example, there are listed lithium cobalt oxides such as LiCoQ 2 etc, lithium 
manganese oxide such as LiMn 2 0 4 etc, lithium nickel oxide such as LiNi0 2 etc, 

15 LiNi0 2 LiNixCoi- x 0 2 in which a part of Nickel in LiNi0 2 is replaced by Co, Mn0 2l 
LiNi x Mn y Coi- x -y0 2 wf ich is a stratified MnNi oxide, metal oxides such as a vanadium 
pentoxide and a cJvomic oxide, metal sulfides such as a titanium disulfide and a 
molybdenum disulfice. A mixture which comprises the positive material added with 
binders and an eleclric conduction assistant such as a polyvinyl idene fluoride, etc is 

2D applied to a core material of aluminium foil used for a current collection material to 
form a molding body 
[0044] 

As a solvent of an electrolyte used for this invention, 1 , 2-dimethoxy ethane, 1 , 
2-diethoxy ethane, propylene carbonate, ethylene carbonate, gamma-butyrolactone, 
25 tetrahydrofuran, 1, c-dioxolane, diethyl carbonate, dimethyl carbonate, ethyl methyl 
carbonate, etc. are listed, for example, and combination of two or more can be used. 
Moreover, unless th 5 purpose of this invention is spoiled, it is also possible to add 
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other components. As an electrolytic solute, for example LiCI0 4l LiPF 6l LiBF 4 , LiAsF 6f 



LiSbF 6 , LiCF 3 S0 3 , 



LiC 4 F 9 S0 3 , LiCF 3 C0 2l Li2C 2 F4(S03) 2f LiN (CF 3 S0 2 ) 2 , LiN 



(CF 3 S0 2 ) 2 , LiCnF 2n+ iS0 3 (n>=2), LiN(RfOS0 2 ) 2 wherein Rf is a fluoro alkyl group, LiN 
(CF 3 S0 2 ) (C4F9SO2), LiN (C2F5SO2) (C 4 F 9 S0 2 ), LiN (CF 3 S0 2 ) (C 2 F 5 S0 2 ), etc. are 
5 listed here. Furthermore, as an electrolyte, a transporter of Li ion can be used for the 
invention without restrictions, and a gel polymer electrolyte consisting of various 
polymers, an intrinsic polymer electrolyte, and an inorganic solid electrolyte such as 
LiPON, Li - ion contented ordinary temperature fused salt, etc. are listed. 
[0045] 

10 As a separator, a material having an enough hardness and a capacity for 

holding a plenty of electrolytes is preferred, and for example a non-woven fabric and 
a separator is preferably made from a polypropylene, a polyethylene or a copolymer 
of polypropylene and polyethylene to have a thickness of 5-50 micrometers and an 
opening rate of 30 - 70%. 

15 [0046] 

The present i ivention will be explained by way of examples with reference to 
the accompanying drawings. It is to be noted here that various changes and 
modifications will be\ apparent to those skilled in the art. Therefore, the following 
examples show typical embodiments of this invention as mere illustration for 
20 explanation and this invention is not restricted to these. 
[0047] 
[Example 1] 

10 micrometers of photo-resist coating was applied to a foil surface of copper 
and is subjected to £n exposition and development with a mask 1 5 having a pattern 
25 as shown in Fig. 9. 

After cutting tjhis foil to flags of 5cmx5cm square in size, in order to remove a 
surface oxide skin, flats and oils, and a soil, the flags is immersed for 4 minutes into 
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15 



20 



10% concentration s jlfuric acid heated at 40 *C. Then, the flags are subjected to a 
cathode electrolytic c egreasing for a minute at 5 -10 A/dm 2 in a bath of degreasing 
liquid which comprses 5g/l of heated sodium hydroxide, 20g/l of ortho sodium 
silicate, 10g/l of sodium carbonate (anhydrous), and 1g/l of n-dodecyl trimethyl 
ammonium chloride at 60 * C. 

After rinsing the foils of copper with distilled water, they were again immersed 
into 10% sulfuric acic to remove an alkali neutralization and a surface active agent on 
the copper surface o r foil completely. The resulting foil is used for a current collector 
which is subjected to a metal electroplating. 

The foils are immersed into a plating bath containing 40g/l.of zinc sulfate, 
60g/l of sulfric acid, 40g/l of cresol sulfonic acid, and 2g/l of gelatin, and 1g /I of p- 
naphthol and subjected to a cathode metal plating at 1 A/dm2 of a current density for 
500 minutes. 

Then, a residual resist was removed and an electrode which has a dot pattern 
of the shape of a hound's-tooth check consisting of cylindrical dots (height: 10 
micrometer, diameter:20micrometer, and interval:5micrometer between dots) of Sn 



was obtained. That 
Fig. 3 D. 

The electrode 



is, this Sn dot electrode has a detailed dot pattern as shown in 



is transferred into a vacuum inert-gas-replacement furnace after 
removing residual mfetal-plating liquid of the electrode by rinsing. Then, the electrode 
is subjected to a reduced pressure heat treatment at 200 " C for 12 hours, to make an 
alloy of Sn and Cu ei an interface of the dots and the current collector and then the 
resulting products are transferred to a dry box in argon atmosphere, and punched to 
a disk with a diameter of 16mm, as a negative electrode. 
[0048] 

<Example 2> 

A metal platirig of Sn is performed on a foil of copper according to the same 
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patterning as Example 1 and the same conditions as Example 1 except a diameter of 



a pattern being 150 



The resulting 



micrometers and pitch width being 15 micrometers. Then, the 



plated product is subjected to the same heat-treatment as the Example 1 and an 
electrode which has a dot pattern of the shape of a hound's-tooth check which 
consists of cylindrical dots (heightiBmicrometer, diameter: 1 SOmicrometer, and 
interval: 15micromete|r between dots) was obtained. 

product was subjected to the same alloying processing as 
Example 1 and punched into a disk with a diameter of 16 mm, as a negative 
electrode. 



[0049] 

<Comparative Examble1> 

Except that a foil of copper before forming a pattern by photoresist has been 
used, Sn electrolysis metal plating and heat treatment were performed in the same 
condition as Example 1, and a disk-like negative electrode with a diameter of 16mm 
was produced. In th s case, a uniform Sn thin film with a thickness of 5 micrometers 
was formed on a current collector. 
[0050] 

(Production of a battery) 

A positive electrode was prepared as follows. 

A paste containing a positive mixture was prepared by mixing UCo0 2 of 90 
weight portions as a Dositive active material, carbon black of : 6 weight portions as an 
electric conduction assistant, and poly vinylidene fluoride of 4 weight portions as a 



binder, and N-methyl 



pyrolidone of 40 weight portions as a solvent to be uniform. 



The paste was applied on a foil of aluminium having a thickness of 20 
micrometers used for a current collector to have a weight per unit area of 32 mg/cm 2 . 
After drying, the resulting foil was subjected to a calender processing so as to have 
an electrode density 3.2 g/cm 3 by controlling a thickness of the positive active 
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material and then cujt into a disk having a diameter of 15mm as a positive electrode. 

An electrolyte containing 1.2 mols / I. of LiPF6 in mixture of ethylene 
carbonate and ethyl nethyl carbonate (mixture ration of 1 :2) was used 

A separator of EMM25 (25-micrometer thickness) made from the TONEN- 
SETYLA Ltd. was used. 

Each of Negative electrodes prepared according to Examples 1 and 2 and 
Comparative Example 1 was built with the above materials into a coin type of a non- 
aqueous electrolyte secondary battery, and various teste shown below were 
performed. 
[0051] 

(Examination of Electric discharge capacity, charge and discharge efficiency, and 
cycle characteristics] i 

In the charge and discharge examination, the capacity of the charge and 
discharge was meas ured at the conditions of the current density of 0.2 mAh/cm 2 , by 
discharging to 3V alter charging to 4.3V. The efficiency is evaluated by the ratio of 
the electric discharge capacity with respect to the charge capacity. 

Moreover, the cycle examination was performed under said conditions and 
the cycle characteris tics was evaluated by the rate of the electric discharge capacity 
at the time of 20 cycle progress with respect to the first-time electric discharge 
capacitytics. 
[0052] 

(Load characteristic) 

Load-characteristic was measured by the following methods. 
Each of cells of Example 1 and 2 and Comparison Example 1 was charged to 
4.3V with the current density of 0.2 mAh/cm 2 first, and after the relaxation time for 10 
minutes discharged ^o 2.5V by 0.2 mAh/cm 2 , and then the capacity of each cell was 
checked. 



20 



10 



15 



Then, after 
charge and discharge 
more hours under 
discharge in each ce 

The current 
for 0.2C. Under the 
100%, the following 

Under the 
measured at the 
which a full electric 
2.0C (this current va 
30 minutes) and 
discharge capacity 
[0053] 

An obtained result is 
[Table 1] 



charging each cell so as to reach a full charge for 5 hours, the 
was performed so as to become a full electric discharge in 5 
ihe condition that the current density of charge and electric 
I was changed. 

v^lue of the charge and discharge at this time was an equivalent 
condition that the discharge capacity is deemed to a value of 
lt>ad-characteristic evaluations were made. 

condition as the above, each discharge capacity was 
value of 1.0C (this current value means a current value by 
discharge can be completed in 1 hour) and the current value of 
ue means by which a full electric discharge can be completed in 
load-characteristics was evaluated by comparing the each 
rrieasured with the discharge capacity at the current value of 0.2C. 



current 



each 



shown in Table 1 . 
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[0054] 

From the Tattle 
battery of Examples 
efficiency and a 



, it is understood that the non-aqueous electrolyte secondary 
1 and 2 has a higher efficiency of electric charge and discharge 
better performance in the load characteristic and cycle 
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characteristics as compared with Comparative Examplel. 
[0055] 

[Effect of the Invention] 

As mentioned above, according to the electrode concerning this invention, 
since dots of an aclive material were formed by the predetermined pattern on the 
current collector 1 , he crevice 4 formed between each dot 3 of the dot pattern 2 
enables it to release the volume expansion of the active material at the time of 
charge. Accordingly, crack generating of an electrode and exfoliation of the active 
material from the cjrrent collector 1 can be avoided effectively. Moreover, the 
porous dots can imp rove further the efficiency of electric charge and discharge, the 
load characteristic, and the cycle characteristics. 
[0056] 

Although the present invention has been fully described by way of examples 
with reference to ths accompanying drawings, it is to be noted here that various 
changes and modifications will be apparent to those skilled in the art. Therefore, 
unless such change s and modifications otherwise depart the sprit and scope of the 
present invention, they should be construed as being included therein. 



